We studied the relationship of subcutaneous adipose tissue layers (SAT-layers) measured at 15 specified body sites with leptin before and after a weight loss program for three weeks. SUBJECTS AND METHODS: In 70 obese girls, SAT-layers were measured by means of the optical device, lipometer. Fat mass (FM) was estimated by means of bioelectrical impedance. RESULTS: At the beginning of the study, all estimates of adiposity, insulin, and SAT-layers from the upper body (from 1 -neck to 6 -lateral chest) were correlated to leptin at a P-value of < 0.0001. Percentage FM together with SAT-layer 4 -upper back and insulin explained 75% of the variation in leptin (P < 0.0001). After three weeks, estimates of adiposity and leptin were reduced (all P < 0.0001). Most SAT-layers were reduced, but SAT-layers 8 -lower abdomen and 9 -lower back were significantly increased. Changes in leptin were best explained by initial leptin, but percentage change (D) in insulin, D SAT-layer 1 -neck, and D SAT-layer 3 -biceps contributed to the D leptin (adj. r 2 ¼ 0.47, P < 0.0001). In the weight-reduced state, circulating leptin was best explained by three SAT-layers and insulin (adj. r 2 ¼ 0.67, P < 0.0001). DISCUSSION: The results suggest that D changes in leptin are attributable to changes in the endocrine state and subcutaneous fat, and SAT-layers may serve as a stable correlate of leptin in the weight-reduced state.
Introduction

Leptin
1 is secreted by adipocytes and several other tissues. 2 Leptin is elevated in the state of obesity 3, 4 and total body fat mass, 5, 6 as well as body fat distribution exerts an independent influence on leptin. 7 -9 We have developed an optical device 10 which enables the measurement of a subcutaneous fatty monolayer at any given body site in a rapid, safe and precise manner. 11, 12 We addressed the question of: 'if and to what extent subcutaneous adipose tissue layers (SAT-layers) were correlated to leptin in obese girls who participated in a weight loss program'. An additional aim was to investigate whether the expected changes in leptin due to food restriction, 13 and in response to physical training 14 were associated with changes in SAT-layers.
Subjects and methods
Seventy obese girls (mean AE s.d. age: 11.5 AE 1.8 y; body mass index, BMI (kg=m 2 ): 26.4 AE 3.6) were investigated. Twentyfour girls were prepubertal, 29 girls were pubertal and 17 girls were at the late=postpubertal stage. All characteristics are shown in Table 1 . Girls participated in a weight loss program including physical activities for three weeks and were assigned to a mixed diet of 900 -1200 kcal per day. The girls' fat free mass (FFM) was estimated by means of bioelectrical impedance. Fat mass (FM) was calculated as the difference between body weight and FFM. SAT-layers were determined by means of the optical device, lipometer, as described previously. 11 Measurement of the thickness of the SAT-layers in mm were performed at 15 specified body sites, from 1 -neck to 15 -calf, on the right side of the body in a standing position (Table 1 ). Blood samples were taken after an overnight fast. Leptin and insulin were measured by means of radioimmunoassays. All measurements were performed at the beginning of the study and after three weeks. Statistics A 3 (group: stages of maturation)Â2 (time) design with repeated measurements on time was used to compare parameters before and after weight loss. Correlations between variables of interest were calculated using Pearson's correlation coefficient. The independence and significance of variables was tested by stepwise, multiple regression analysis. The significance level of P-values was set at 5%. Values are given as mean and standard deviation.
Results
Body mass and FM were significantly higher in more mature girls but no differences between maturity levels were found for leptin, insulin and SAT-layers (Table 1 ). All estimates of adiposity, insulin and SAT-layers from the upper body (from 1 -neck to 6 -lateral chest) were correlated to leptin at a Pvalue of < 0.0001. Percentage FM (P < 0.0001) together with SAT-layer 4 -upper back (P ¼ 0.018) and insulin (P ¼ 0.021) explained 75% of the variation in leptin (r ¼ 0.865, P < 0.0001). The weight loss program reduced estimates of adiposity, leptin (766.2 AE 15.6%), and insulin (all P < 0.0001). The thicknesses of most SAT-layers were reduced but SAT-layers 8 -lower abdomen and 9 -lower back were increased. Changes in leptin were correlated to changes in adiposity, insulin and to changes in certain SAT-layers (Table  1) . Changes in leptin were best explained by initial leptin (adj. r 2 ¼ 0.805, P < 0.0001). When percentage change (D) in leptin served as a dependent variable, D insulin (P < 0.0001) together with D SAT-layer 1 -neck (P ¼ 0.0001) and D SATlayer 3 -biceps (P ¼ 0.018) explained 47% of the variation in D leptin (r ¼ 0.68, P < 0.0001). In the weight-reduced state, circulating leptin was best explained by three SAT-layers (1 -neck, P < 0.0001; 3 -biceps, P ¼ 0.03; 15 -calf, P ¼ 0.037) together with insulin (P ¼ 0.004) (adj. r 2 ¼ 0.67, P < 0.0001).
Discussion
We studied the relationship between estimates of adiposity, specified SAT-layers and leptin in obese girls before and after weight reduction. We found that percentage FM together with one SAT-layer from the upper body and insulin explained a significant portion of initial leptin. This supports present knowledge that leptin is under the control of insulin, body fat and its distribution. However, we found no differences in leptin and measured SAT-layers with respect to maturity levels. Whether this indicates that the pattern of subcutaneous fat does not depend on pubertal development and leptin is mainly a function of subcutaneous fat and its distribution in obese girls, remains to be elucidated in Level of significance for changes in estimated parameters (by means of ANOVA with repeated measurements) and for the relationship between changes in estimated parameters to changes in leptin: *P < 0.05, } P < 0.01, { P < 0.001, longitudinal studies. After three weeks of diet and physical activity, adiposity and leptin were significantly reduced. We found no interaction for stages of maturation and the magnitude of the loss in adiposity, leptin and measured SATlayers. This suggests that the intervention program had a similar effect in all maturity levels. Changes in leptin were best described by initial leptin 13, 14 but the percentage change (D) in insulin, and D in two upper body SAT-layers explained 47% of the variation in D leptin. It has been shown that decreases of leptin were related to changes in endocrine and metabolic parameters after short term energy restriction 15, 16 and changes in leptin in obese children without dietary restriction were attributable to some effect of long-term physical training that was independent of its effect on body composition. 14 Our results suggest that the reduction in leptin occurred independently of the change in total body FM but a relatively greater fall in leptin was associated with a greater fall in insulin and a concomitant reduction in the thickness of two SAT-layers. Although the thicknesses of most SAT-layers were reduced after three weeks, three SATlayers and insulin explained most of the variation in reduced leptin. Altogether, these results indicate that changes in leptin are attributable to changes in the endocrine state and subcutaneous fat and SAT-layers are a stable correlate of leptin in the weight reduced state in obese girls.
